Abstract. The aim of the present study was to analyze the effects of the combined treatment of lenvatinib and adenoviral delivered p53 gene (rAd-p53) on non-small cell lung cancer (NSCLC) cells and a total of 120 patients with NSCLC. The therapeutic effects of gene therapy of rAd-p53 and target therapy of Lenvatinib were investigated in NSCLC patients. The anti-tumor effects of combined treatment of llenvatinib and rAd-p53 was administered orally once-daily in NSCLC patients. Patients with NSCLC were divided into three groups and received lenvatinib (n=40), rAd-p53 (n=40) or combined treatment of lenvatinib and rAd-p53 (n=40) for a total of 30 days. Results showed that p53 was down-regulated and VEGFR, FGFR and PDGFR-β were up-regulated in NSCLC tissues compared to adjacent normal tissues. Combined treatment of Lenvatinib and rAd-p53 markedly inhibited NSCLC cell growth, migration and invasion, and promoted apoptosis compared to either lenvatinib or rAd-p53 alone. The most common treatment-related adverse events included hypertension, diarrhea, nausea, proteinuria and body weight loss. Outcomes indicated that combined treatment of lenvatinib and rAd-p53 markedly inhibited tumor growth compared to lenvatinib and rAd-p53 alone for NSCLC patients. Combined treatment of lenvatinib and rAd-p53 did not exhibit drug accumulation after 30-day treatment. In conclusion, these outcomes indicate that combined treatment of lenvatinib and rAd-p53 may be an efficient therapeutic schedule for the treatment of NSCLC patients.
Introduction
Lung cancer is one of the most common human cancer in the world (1) . The morbidity and mortality rate of lung cancer in increasing since 2000 in the world (2) . Non-small cell lung cancer (NSCLC) is the most common lung cancer, which includes adenocarcinoma, large cell carcinoma and squamous cell carcinoma (3) (4) (5) . NSCLC is generally resistant to chemotherapy and radiotherapy (6) . Although various treatments (chemoradiotherapy and targeted therapy) have been developed for the treatments of patients with NSCLC, the survival rate of patients remains properly poor (7) (8) (9) . Therefore, it is essential to explore the novel clinical treatments for to improve the therapeutic effects for patients with NSCLC in clinic.
Gene therapy drug of rAd-p53 is the first generation gene drug and has been approved for human cancer therapy (10) . Previous trials have indicated that the no serious adverse effect related to rAd-p53 has been reported in the majority of large intrathoracic malignant and gastric cancer cases, which is a safe anti-cancer agent (11, 12) . In addition, rAd-p53 could enhance the sensitivity of human gastric cancer cells to chemotherapy, which decreased anti-apoptosis Bcl-2 expression and increased proapoptosis Bax expression in gastric cancer cells (13) . Furthermore, the combination of recombinant rAd-p53 and adriamycin presented more efficacy that single treatment and improved drug resistance in chemotherapy of lung squamous cell cancer (14) . However, single treatment of rAd-p53 is not enough to improve survival of cancer patients (10, 11, 15) .
Currently, target therapy has been widely applied for the treatment of human cancer, such as lung cancer, liver cancer and breast cancer (16) (17) (18) . Lenvatinib is a target therapy drug, which targets for vascular endothelial growth factor receptor 1-3 (VEGFR1-3), fibroblast growth factor receptor 1-4 (FGFR1-4), platelet-derived growth factor receptor-β (PDGFR-β), RET, and kinase insert domain receptor (KIT) (19) . Study has indicated that Lenvatinib is beneficial for the treatment of patients with renal cell carcinoma (RCC) (20) . Phase 1 study of Lenvatinib combined with carboplatin and paclitaxel showed antitumor activity in patients with NSCLC (21). Nagashima et al (22) , found that Lenvatinib treatment is effectiveness for thyroid cancer with lung metastases. However, combined therapeutic effects of Lenvatinib and rAd-p53 have not investigated for patients with NSCLC.
In the present study, we investigate the therapeutic effects of Lenvatinib and rAd-p53 in patients with NSCLC. We intended to determine the pharmacokinetic (PK) profile of Lenvatinib and rAd-p53 for NSCLC patients. This study also analyzed the progression-free survival (PFS) after treated by Lenvatinib and rAd-p53 in NSCLC patients.
Therapeutic effects of lenvatinib in combination with rAd-p53 for the treatment of non-small cell lung cancer
Materials and methods
Ethic statement. The present study was approved by Ethical Committee of Mudanjiang medical University affiliated HongQi Hospital.
Patients. The phase-I study was performed in Mudanjiang medical University affiliated HongQi Hospital from May 2011 to October 2016. All patients provided written informed consent before any study-related procedures were performed. Eligibility criteria included age ≥18 years, with a Karnofsky performance status ≥80%; adequate haematological (platelet count of ≥100x10 9 /l; absolute neutrophil count of ≥1.5x10 9 /l; and haemoglobin ≥8.5 g/dl), hepatic (serum alanine aminotransferase; bilirubin ≤25 µmol/l and aspartate transaminase ≤3 x the upper limit of normal) and renal function (a creatinine clearance ≥60 ml/min or serum creatinine ≤1.5 x the upper limit of normal by Cockcroft-Gault formula). Patients with cancer history were excluded from this study.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). NSCLC cells were isolated from NSCLC tissues as described previously (23) and cultured in DMEM medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Total RNA was extracted from cells (1x10 6 ) using RNAeasy Mini Kit (Qiagen, Inc., Valencia, CA, USA) and RNA (1 µg) was transcribed to cDNA by using an RT kit (Qiagen, Inc.) and quality was confirmed by electrophoresis. The cDNA (10 ng) was subjected to qPCR (Bio-Rad Laboratories, Inc., Hercules, CA, USA) using SYBR-Green Master Mix system (cat. no. 4304886; Applied Biosystems; Thermo Fisher Scientific, Inc.). All the forward and reverse primers were synthesized by Invitrogen (P53, forward, 5'-CTA TCT TAT CTA TCT TCT CTA TCT TC-3'; reverse, 5'-CTA TCT TAT CTT CTC TCA TCT CTA C-3' , VEGFR, forward, 5'-TTC AGA GCG GAG AAA GCA T-3'; reverse, 5'-TAG TTC CCG AAA CCC TGA G-3'; FGFR, forward, 5'-CGT GGA AAA GAA CGG CAG TAA ATA-3'; reverse, 5'-GAA CTA TTT ATC CCC GAG TGC TTG-3'; PDGFR-β, forward, 5'-CCA TTC CCG AGG AGC TTT ATC-3', reverse, 5'-GGT CAT GTT CAG GTC CAA CTC-3'; GAPDH, forward, 5'-AGT GCC AGC CTC GTC TCA TAG-3'; reverse, 5'-CGT TGA ACT TGC CGT GGG TAG-3'). The reaction conditions were performed as follows: 95˚C for 2 min and 45 cycles of 95˚C for 20 sec and 54˚C for 1 min and 72˚C for 30 sec. Relative mRNA expression changes were calculated by 2 -ΔΔCq (24) . The results were presented as the n-fold change compared with β-actin using Quantiscan2.1 (software demo of AB QuantStudio™ 12 K Flex System, Thermo Fisher Scientific, Inc.).
MTT assay. NSCLC cells were cultured in 96-well plates and incubated with Lenvatinib (2 mg/ml) and/or rAd-p53 (10 11 pfu) for 48 h at 37˚C. A total of 20 µl MTT (5 mg/ml) in PBS solution was added to each well and the cells were cultured for 4 h at 37˚C. The medium was removed and 100 µl dimethyl sulfoxide (DMSO) was added into the wells to solubilize the crystals. The optical density was measured by a Bio-Rad (ELISA) reader (Bio-Rad Laboratories, Inc.) at 450 nm.
Apoptosis of NSCLC cells. NSCLC cells (A549) were grown at 37˚C until 90% confluences were reached. Cells (1x10 8 ) were then incubated with Lenvatinib (2 mg/ml; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and/or rAd-p53 (10 11 pfu) for 48 h at 37˚C. After incubation, the tumor cells were trypsinized and collected. The cells were then washed in cold PBS, adjusted to 1x10 6 cells/ml with PBS, labeled with Annexin V-FITC and PI (Annexin V-FITC kit; BD Biosciences, Franklin Lakes, NJ, USA), and analyzed with a FACScan flow cytometer (BD Biosciences). The treatments were performed in triplicate, and apoptosis was analyzed with a FACScan flow cytometer (BD Biosciences). using CellQuest Pro solfware (v.5.1, BD Biosciences).
Cells invasion and migration assays. NSCLC cells were cultured in six-well plates with chamber inserts (BD Biosciences) and incubated with Lenvatinib (2 mg/ml) and/or rAd-p53 (10 11 pfu) for 48 h at 37˚C. Mg63 cells were cultured in a 24-well culture plate with chamber inserts (BD Biosciences). For migration assays, 1x10 6 cells/well were cultured in DMEM medium (Thermo Fisher Scientific, Inc.) supplemented with 5% heat-inactivated FBS (Gibco; Thermo Fisher Scientific, Inc.) and placed into the upper chamber with the non-coated membrane. For invasion assays, cells (1x10 6 cells/well) were placed into the upper chamber with a Matrigel-coated membrane. Procedures were performed according to the manufacturer's instructions. Cells were fixed in 4% paraformaldehyde (Sigma-Aldrich; Merck KGaA) and stained with 0.1% crystal violet (Sigma) to quantify cell migration and invasion for 15 min at 37˚C. The tumor cells invasion and migration were counted in at least three randomly stained microscope fields (Olympus BX51; Olympus Corp., Tokyo, Japan) for every membrane.
Western blot analysis. NSCLC cells (1x10 6 ) were incubated with Lenvatinib (2 mg/ml) and/or rAd-p53 (10 11 pfu) for 48 h at 37˚C and harvested by scraping and lysed in radioimmunoprecipitation assay buffer (Sigma-Aldrich; Merck KGaA) followed by homogenization at 4˚C for 10 min. Protein concentration was measured by a BCA protein assay kit (Thermo Fisher Scientific, Inc.). Protein (10 µg) was separated by 15% SDS-PAGE followed transfer to PVDF membranes (EMD Millipore, Billerica, MA, USA). Proteins were blocked with 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA) for 2 h at 37˚C and incubation with primary rabbit anti-human antibodies: P53 (ab131442), VEGFR (ab36844), FGFR (ab10646), PDGFR-β (ab220745) and GAPDH (ab9485) (all 1:500 dilutions; Abcam, Shanghai, China) for 12 h at 4˚C. Subsequently, proteins were incubated with the corresponding rabbit horseradish peroxidase-labeled IgG (1:5,000; Vector Laboratories, Inc., Burlingame, CA, USA) for 2 h at 37˚C. The proteins expression levels were detected using a chemi-luminescence detection system (v.3.0; Sigma-Aldrich; Merck KGaA). The density of the bands was analyzed by Quantity one software v.4.62 (Bio-Rad Laboratories, Inc.).
Immunohistochemical staining. NSCLC tissues from patients were fixed using 10% formaldehyde for 30 at 37˚C, washed with PBS (0.01 mmol/l, pH 7.4) and followed with embedding in paraffin wax. Tissues were deparaffinized in xylene and rehydrated in grade alcohols. Tissues were cut into 4-µm thick sections and antigen retrieval was performed using Antigen Retrieval Reagents (cat. no. CTS015; Bio-Rad Laboratories, Inc.). The sections were washed with PBS for 10-15 min at 37˚C and subsequently blocked using 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA) for 2 h at 37˚C. Tumor sections were incubated with CD4 (1:1,000 dilutions, Clone 4B12; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) and CD8 (1:1,000 dilutions, Clone C8/144B; Dako; P<0.01. VEGFR, vascular endothelial growth factor receptor; FGFR, fibroblast growth factor receptor; PDGFR-β, platelet-derived growth factor receptor-β; NSCLC, non-small cell lung cancer; ns, not significant. with PBS for 3 min at room temperature and were incubated with HRP-labeled secondary goat anti-rabbit antibodies (1:2,000, ab150077; Abcam). Sections were visualized using ZEISS LSM 510 confocal microscope at x40 magnification.
Treatment administration. Lenvatinib (twice-daily, 32 mg/day) (21) and rAd-p53 (twice-daily, 1x10
11 viral units/day) (25) were administered orally and intratumor injection, respectively. The treatments were continued for a 30-day administration schedule.
Evaluation of toxicity. Toxicity was graded using the National Cancer Institute Common Toxicity Criteria (v3.0). Physical examination, full blood count, biochemical profile measurement of blood pressure and urinalysis were performed every two days during combined therapy. Electrocardiograms and biochemical detection were performed every three days (data not shown).
ELISA. Concentration levels of P53 and Lenvatinib were analyzed in patients with NSCLC by using commercialized human p53 ELISA kit (DYC1043-2; Bio-Rad Laboratories, Inc.) and human VEGFR ELASA kit (FAB357P) according to the manufacturer's instructions. Results were measured at 450 nm in an ELISA reader (Bio-Rad Laboratories, Inc.).
CT scan protocol. The CT diagnosis system was used to analyze tumor volume using preprogrammed setting in clinical trials. The preprogrammed setting was optimized to reach the best image formation. NSCLC patients were underwent CT according to instrument of the manufacture (Philips Medical Systems, Inc., Bothell, WA, USA). The details of principles and settings of CT were described in previous study (26 
Results
Patient characteristics. A total of 120 NSCLC patients were enrolled and the mean age of patients was 48.5 years old (average, 33.7-63.3). In the present study, the numbers of men (n=72) were more than women (n=48). None of the patients have received any anti-cancer treatments before this study. All characteristics of NSCLC patients were summarized in Table I .
Expression of p53, VEGFR, FGFR and PDGFR-β in NSCLC cells and tissues.
We investigated expression of p53, VEGFR, FGFR and PDGFR-β in NSCLC cells and tissues. As shown in Fig. 1A and B, gene and protein expression levels of p53 were down-regulated and VEGFR, FGFR and PDGFR-β were up-regulated in NSCLC cells compared to adjacent normal cells. Immunohistochemistry demonstrated that p53 were decreased and VEGFR, FGFR and PDGFR-β were increased in NSCLC tissues compared to adjacent normal tissues (Fig. 1C) . These results indicate that changes of p53, VEGFR, FGFR and PDGFR-β expression levels may be associated with NSCLC cells growth and metastasis.
Inhibitory effects of combined treatment of Lenvatinib and rAd-p53 for NSCLC cells.
The inhibitory effects of combined treatment of Lenvatinib and rAd-p53 on NSCLC cells were analyzed in vitro. We showed that combined treatment of Lenvatinib and rAd-p53 significantly inhibited NSCLC cells growth compared to Lenvatinib and rAd-p53 ( Fig. 2A) . As shown in Fig. 2B and C, combined treatment of Lenvatinib and rAd-p53 inhibited migration and invasion of NSCLC cells compared either Lenvatinib or rAd-p53. We also demonstrated that combined treatment of Lenvatinib and rAd-p53 increased apoptosis of NSCLC cells induced by tunicamycin (Fig. 2D) . These results indicate that combined treatment of Lenvatinib and rAd-p53 can inhibit NSCLC cells growth and aggressiveness.
Anti-tumor activity of combined treatment of Lenvatinib and rAd-p53 for NSCLC patients. The therapeutic effects of combined treatment of Lenvatinib and rAd-p53 were performed in NSCLC patients. We showed that combined treatment of Lenvatinib and rAd-p53 markedly inhibited tumor growth compared to Lenvatinib and rAd-p53 for NSCLC patients (Fig. 3A) . Results found that expression levels of p53 were increased and VEGFR, FGFR and PDGFR-β were decreased in NSCLC tissues compared to adjacent normal tissues after combined treatment of Lenvatinib and rAd-p53 (Fig. 3B) . Surgical removal of the NSCLC tumor tissues presented more lymphocytes infiltration in rAd-p53 and combined treatment of Lenvatinib and rAd-p53 groups than Lenvatinib group (Fig. 3C ). Blood vessel density was lower in combined treatment of Lenvatinib and rAd-p53group than rAd-p53 and Lenvatinib groups (Fig. 3D) . These results indicate that combined treatment of Lenvatinib and rAd-p53 can efficiently inhibit NSCLC growth.
Side effects and pharmacokinetic (PK) profile of Lenvatinib and rAd-p53 for NSCLC patients. The side effects and PK profile of Lenvatinib and rAd-p53 were investigated in NSCLC patients. We demonstrated that the most common treatment-related treatment-emergent adverse events were hypertension, diarrhea, nausea, proteinuria and body weight loss in NSCLC patients after treatment with Lenvatinib and/or rAd-p53 (Table II) . Combined treatment of Lenvatinib and rAd-p53 had more side effects including stomatitis and vomiting. We observed that Lenvatinib and rAd-p53 could metabolize in blood after 24 h and 36 h, respectively, after received drugs and rAd-p53 (Fig. 4A) . Notably, outcomes found that combined treatment of Lenvatinib and rAd-p53 improved survival rate of and progression-free survival (PFS) compared to either Lenvatinib or rAd-p53 for NSCLC patients ( Fig. 4B and C) . These results indicate that combined treatment of Lenvatinib and rAd-p53 could improve survival of NSCLC patients.
Discussion
Tumor gene therapy and target therapy has been widely used for human cancer treatment (27) . Evidences have indicated that rAd-p53 is safe, well tolerated, and study has showed that rAd-p53 combined with platinum-based chemotherapy can be associated with a significant reduction of ovarian tumor (11) . Study has found that Lenvatinib can improve thyroid cancer patients' survival in clinical trials (28) . In the present study, we investigated the anti-tumor efficacy of combined treatment of Lenvatinib and rAd-p53 for NSCLC patients. We reported that combined treatment of Lenvatinib and rAd-p53 significantly inhibited NSCLC tumor growth and improved survival rate of NSCLC patients. Treatment of rAd-p53 has become a leading candidate for clinical cancer treatment, such as renal cell carcinoma, hepatic carcinoma and melanomas (11, 29, 30) . Study has found that expression of P53 is decreased and the potential chemopreventive effect of pterostilbene dependents on p53-positive cells during early carcinogenesis (31) . We confirmed previous outcomes (30) and we observed that rAd-p53 enhanced apoptosis of NSCLC cells. Promoting the infiltration and function of CD8(+) T cells could enhance the antigrowth effects of cisplatin on lung cancer, which provided new evidence for lung cancer therapy (32) . We showed that rAd-p53 increased lymphocytic infiltration in NSCLC tissues compared to Lenvatinib. The combination of rAd-p53 and adriamycin increased the efficacy of chemotherapy for NSCLC patients, which overcome resistance of lung squamous cell cancer for chemotherapy (14) . In the present study, we reported that rAd-p53 treatment inhibited tumor growth and decreased tumor volume for NSCLC patients.
Currently, target therapy for VEGF has presented anti-cancer efficacy for human cancers (33) (34) (35) . We observed that VEGF is higher expressed in human NSCLC tissues and cells than normal lung tissue and cells. Lenvatinib is a multi-targeted tyrosine kinase inhibitor of multi receptors-mediated angiogenesis, which has been regarded as a potential drug for human cancer therapy (36) . In this study, we observed that Lenvatinib inhibited NSCLC cells growth and aggressiveness in vitro and in NSCLC patients. Study has found that surgery combined with adenoviral p53 gene therapy showed efficacious effects in preventing recurrence or metastasis and improving progression free survival and overall survival after a radical surgery in patients with NSCLC in a phase II study (25) . Our outcomes have indicated that Lenvatinib presented more efficient in inhibiting NSCLC growth than rAd-p53. In this study, we analyzed the therapeutic effects of combined treatment of Lenvatinib and rAd-p53 for NSCLC patients. Outcomes found that the most common treatment-related treatment-emergent adverse events were hypertension, diarrhea, nausea, proteinuria and body weight less in NSCLC patients after treatment with Lenvatinib and/or rAd-p53, which could metabolize after 48 h drug taken. Notably, combined treatment of Lenvatinib and rAd-p53 improved survival rate of and progression-free survival (PFS) compared to either Lenvatinib or rAd-p53 for NSCLC patients.
In conclusion, the present study indicates that combined treatment of Lenvatinib and rAd-p53 are well tolerated when administered to patients with NSCLC. Encouraging anti-tumor effects were observed for patients with NSCLC after combined treatment of Lenvatinib and rAd-p53. However, further clinical trials should be performed in large number NSCLC patients and in other cancer patients.
